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imxm 1 1 

©ten ^tttr n m^-mfamRzr P ffi#>»#Jf t , mrie P ii^jg £ n^2»&i&^ 
m&mm t , nute^t isim^ ^laiL/: 1 ;^ s>« * - 5 ? ? mm l P « t-?^ 

mim. 1 i;sem<7) -y y* 0 

[W*JI4] 

lffliEI£tfcl»lt*Mt, *g*tt£-C&£fS*^ 1 75MiS*«3 OV»m^ l «KIE*0'J y 
5 ] 

mfRJ£ifclftlh^# S x S i 0 2 . A 1 N , SiN, GaN, A 1 G aN, InGaN, Pt 
f£,m<D -y yflKlftft U - -if o 

— 9*0 

buIE'J -y ^*afe»a**#P— *f^*i»fl:Jl^ &-ft&*?»# (InxAl y Gai-x 
- y N. O^x, OsSy, x + y^l) frb$LZ> Z. t *mWit-$- 1 Tb^. 7 *>v*1» 

1 SlUfBftO 'J >y ya»&g&M#*#P-+r o 
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immz,} mm* 

[0 0 0 1 ] 
[0 0 0 2] 

X^mW^-^f^Ju<mm^iXX^h 0 (In x Al y Gai- x - 
y N, O^x, O^y, x + y^l) bf&Z^mfa — <f f±, Jt^lftM^KO^Ml^ 

[0 0 0 3] 
[0 0 0 4 ] 

H5J4, 7 y i 1 1/ - f ^ 7 x ^ ^ f 7 > > t*^ >^L7t:^^!l^^1-WlH&S)f 

M-e&& mx.u\ #it^:mi#BB) o H5tiiov^T, ^ftw^p--?" i on, m 

mmU2 0±{C^Ba^^O^mi4«^J2 3 ^ffl^T7x-^^->yii$titv^ 0 ^ 
ft^**^-^ 1 0 1 1 <7)_htr nlljbt^f^il 1 2 , ffitt* 13, pi 

mm^mfcm 1 4 *m<k&m u p M^tw^Ji h 5 -r <j -y 1 4 a 

£ t fc V y ^ *afeftS I- - "9* "C* £ o Uim^Wm U-f l 0«n Slfe 1 6 & 
pIISl 5^5.^ 1 9 (4, #fflfc^O*Wte&£#j2 3 Ciot, IifflI«2 0OlI 
2 1 StT 2 2 i:«^?*ltv>4 0 
[0 0 0 5] 

[mtXffi 1 ] #IS 2000-58965 

ifkw&m&k l±o t-tz mm] 

[0 0 0 6] 
[0 0 0 7] 

[0 0 0 8] 

[0 0 0 9] 

H6^ffl^tl^t^o HI 6 (4. SS^bW***^— 9*OU -y v§&£t£*L 
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tzB%~mmmr~&z>o men, ms tiTi^L^ns^f ltv^ c H6tc^i-j: 
n mt^^-mw^-^r io«p mmitm^mfam 1 4 tea, ^g&^fflo <; ? v 1 

4 a mZtf h ft, 0 y V 1 4 a <7)TIM £ 8ffl 1" £ «fc -9 K $& 1 Ote&ftff R 1 7 tj ? M $ ft 
tv^o ^ 1 Oj^iffclSfll 1 7 Uti, U v V 1 4 a fc*®W^S0jtv»**^:§ &*t*Wflv> 

$ <btc, y 1 4 aO^f^I^ «t 5 KpffllJ*- 5 y ^fg 1 5 7^J&£ftT£; •) , 
■J r>'l 4 a^lIffiK^ajL£pMffc%#i»#l 4 £<»m~*-X > ^I^HMU 
v^ 0 ifc, 'Jr^Uai'tiBLT, ^ 1 Olfelf ffcRJH 1 7 C0±tc, ^2<7)#fe*f« 

[0 0 10] 

^coO y y'a 1 4 a JC&wc, pfflij^- 5 y 9%M. 1 5 tiWt^li^Wj: 9 
IzLXiffrti&o tir\ pM*- 5 y ^11 1 5<7>±tcii, #1g14l££-#J 2 3 i: <7>}££-t£ 

[001 1 ] 

S n 4 ^O^JB^^*, 0 7 vgp 1 4 a £S ^ pffi*- 5 y 1 5 izMM L, p 

5 y 1 5 1 vmrnvvv^-mw 1 4 1 o*- § -y ?tit^Eiuv^ 

ILtBLfco *SttS^2 3fcLTIi, SAT, ^ffl^<7>fS:^*#^^fflv^ti^^\ 
^111:^, -tOfilRjft&JR (Snl) **pffl/fy Km* 1 9 l*l£}£ffcU p«- 

5 -y ^li 1 5 HPJ^t-t-^ *><7>£3t;E£;ft,&o S n4$Ofilfcj£&JR«\ p ffllj* - 5 y ? m 

s 1 5 npjiti-s fc, p«*- 5 y 1 5 piiw»P5ot-? y *«fct 

[0012] 

5\£&Z Ltv^Ct i^ftlLfco 7z^^y,fyf^ yy'HiotU-f f 
^§63MiO::«£"1-**£\ u-W-y -7°ot#ig±, fc^ttiLfc'; y 5>ffl5 1 4 al^li 
Dtmfr&o Lfri>, 0 yaffil 4 a<D®m, afriz, 0 y v l 4 a <D®\W tWMZffi&ft 

*tt* s i<^v^ 0 z\<Dtztb, u-^'^v y&mm&mzm&ir&mnm^mjzizx-ox, 
m i o^ft^KM 1 7 tp ww.iv®)*mwm u©^, * i ^ii^ii 1 7 1 P n * 
-\v9 mm 1 5 izmm&tk tTLi% & 1 o&iKfiMSiE 1 7 uai^ c * t . y 

iSU 1 4 a WSl^iWIf^^/:*!), 0 y vSB 1 4 a H<fc£?fcB3 D&i&tSfilrt* 
[0013] 

:w i 9 7 x / t; y* > y f V > y' C i o T 'J y y * 1^ 

-■^^O^ilSrff 9»^t:R?>iv» 0 U--f *^-<7) 0 y v^PiS^tc jsv^T p fflfly^ y Km 

^H{±. lg (#tcpffl«@) iil^^ff 1 1 (Oi^tt^ftTt ^ : i: ^ *) , 
* $ * 4 J® H 4 a o 
[0014] 

^ p t , mrie p ffiy^>iws cjm $ titzmm.mzf&m <o «; y ysu t , frie o y 

^<b«ffiL^'; y->'SPH^-5 y yiftl!L^pit-< y ^m^i, ipffli-5 v?m 
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[0 0 15] 

mmtmg- zti&ztzm±x£z> 0 

[0 0 16] 

ttz, *) vis®<nmwi~&rtz&mi%mii&<r>mmzm±-rztztbiz, w:^±m^^h 
Ktftkofi^, vyv±M*fstt (fK^mm) izm^x^m-^m^^nx^ 

MftZtizz ttf3*z.bti2> 0 %<nmzk£ Ltt- 5 *#HfcKi»#i-a«i* (piffle > 

t-<7? msxti P -y km t tm&tix t-??? «js*»^>ap*tt*«t«-t- 

as^Ktt K flU (± 4r v * 0 

[0 0 17] 

X\ J: ^»*WK»W»tt*ffl±$**£fc#t?g* 0 
[0 0 18] 

mt, mtm. mitwximm &&mmx$> n , s i > a k Rh, z r , t i 

, Z n . Ga, N b ^OgHbt^M-fbt&U W, Mo, 6&i£m&JR (Pt, Pd, Rh, 
I r , Ru, 0 s ) ^W&JR, gL<(t InN, A 1 N, G a NH.Z>* J £tlh<Dm&X$> 
*A 1 I n G aNl, GaAsI, G a P^MI n MKtiS i , S i C & t°<D^ 

mwmzm^h zttfx^^ -en^otf-ct s i o 2 . ain, sin, GaN, aig 

aN, InGaN, P tf *lflv»4it^iLv»o ft, ffitfcHFJtSri*, 
#fr-C**»^tc(i x pffl^--5 y ?mmt pM'* y Km® t oiatUl^ftfcfti i n 

[0019] 
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<o, mmn^-miizifz^xMi&zti-f. ? "JW&viiztD^mzix&ztiztt&o z<r>x 

-7 IZ-f&ZtX, 'J y v^S^<7)^6t/#1±*«^ C t^T^^,o 1?«x.(i\ PtfrbbZ, 

ifcwmstmt lt'j v "ju^m^m^^m^, p t (ii&^^'bof&^^^^JixLtc < 

&-fz t^l^o pfUJ/w Ktgc^-'J Til (^iiifp t) tf&i 

-y Kms j: <9 & m^x%m-tz> z tizx^ x%wtz> z 1 &x § ^ 0 

[0 0 2 0] 

-?<%z> 0 P m*-< y ?mmt pM^y vmmtz%\\j:mxfmmt&m&. 

T^ffi)) & ^ t^5 0 #i:, p HI/"? y Kmfe<7)77^ ? p ffl * - ^ ? ? m 

^«LTv^v>if ^-^^> 0 J: ^ pffiij*- ^ -y ^«eo^g|5^^-emy^^ 

?:MLtLi% -e-L-c. pfiij/^-y Km«<7)ra<7)ji:T<7)pffl^- ^ v ?m.uizw. : tii& 
[002 1 ] 

jmi^it^^m^^if ^-(±, 7 ^ * ^ >mizi&m &£mv)iji:m*M±'tz> ztiz 
sum-cm $ n * tz ib tc co wm Kwmipft&t z>z\tizmm-t2>t^z.bn& 0 

•9-**T^(±^3 0 0 o C^^^t5^o Z<DX n &^fiHH§£*i&£ t-c, ^--5v^tt7i ? 
STL, 3fc5H§7fc f ±^i'f?#tt*Ift$«t< i-So *-5y 

■y h*nMt<D%.miZft&ZltXi$< ZtX, ^"-5 -y 9&&mW}LX\<*Z> t*£x.bti&& 

mv>mmi&T*ffi7 z tares & 0 ztuzxn. mmmza>-a>*&mzmm-f&mm<D®m 

10 0 2 2] 
[0 0 2 3] 
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zttfx~&&o MoT, o -y pm%i9&M¥m#-i/-'*Fi l zte^x^ nmm^£.cz> u-^rm 

[0 0 2 4] 

mm<o^m 1 . 

2 3 &ffl^T7x-A^')>^§titV^ 0 1 0(±, -^7r^T^ 

<7>mmi±mu 1 1 niiMibWa»#Ji 1 2 , 1 3 , pmmit^^-mitm 1 4 
i/-^'T^^,o nmmtm^mfcm 1 2 1 P mmtm^mfam Hit ±nt?s 

#2»#^^^^o M^^^l^-^'l OOnllll 6 5.^2 9 3fc<7tC piMimm 1 5®. 
tfl 9(±, t*<Dmm®Ll££-M 2 3 i:iot, ^ffl*«2 0Oli2 1X^*2 2 

[0 0 2 5] 

ft, ^Mt&vyjfm^&^r^ m^m<r>mnm^M2 3 (±, ia 1 tc^-r i ^ tc, sn, 

Pb, Ag, Bi, Cu, In, Z n hf&Zi&m if^JDl 2 3 a t A u, P t 

itnz < ^itmfrhtfzz&mm 2 3 b(02i^^^ o «HJi2 3 bii, tarn .s^jiji 2 

WiflhUm.(Dnmz.mfk^fiX^^ 0 HI*,, ^f^O|fe<>;J±;>:tlJ:o-<:, {£HJf 2 3 b t5 ? 
[0 0 2 6] 

£tz, mt%Q¥-^W\<<-*fl 0Onffiim«l 9f±, p IIJS'fbft#2»#e 1 4®. 

pffiija® i 7Mi 9 t^&&iS£K&& 0 -g-c-e, -t<Dii!iZ(Dfflm£mm -?z>tz& 

^, ^gffl^t£2 0ffiijO/^y Kli2 2 <0±i:Aui2 4btPti24 aW2i^f>Jt 
[0 0 2 7] 

Wf&H^o#^-e^)^ y "JU&i%<Dmm.iz^^xm2 £mwLt£&hm.m-t2>o m2 

fi, H l <t>>; y v^^o«^^i£^:LT^1-gp^^B)fMII]-e^^o ft, H2(±, HI 
t_hTit|gL^|IIM^^LTv^ 0 [H2 H^i-J: o Mfb^^l^-^f 1 OOpSl 
-fLt/#*#:^ 1 4 Cli, MS&ff^fflO'J y v 1 4 a^f^tt^n, U y v 1 4 a <7>lSffi£ 

yvl 4 a tytffitf^<Dm^^±£%ttnfim^htiX&*) , -eotlf 
^T'J'r/Ha^fflt^il^jft^ $<btc, V y ^« 1 4 a O^Hfc£ H £ 
9Cp ffl'J* - 5 y ^ 1 5 tfft$L £ *iT jo *) , 'Jr>'14a <01f M^Stfi L p MMft 
Wi^l4iof|t:t-? ^f^^MLTi^o ifc, 'J -y vSBl 4 a^gftlfflL 

r, 7o±tc i2««iriii 8#ifM£*i-c^& 0 

[0 0 2 8] 

^-LT, pfflt-Vy^lil 5tpfflA 7 KlSl 9<OHCIi, ^ 1 <D&m Umm 1 
7^<bSalL^ , ; yv^l 4 a<Dmm*Wo i d Cfetfcl^jh^ 3 0 75 ? ?FM^tiTv^ o gp 
o, ^Kih^ 3 0 ii, piU^- 5 y i'lg 1 5 t pOTM-ffctf 1 ; ^ A 3Wt£-^#2»#/l 1 
4 t(7)t-5 y 5W:'kU*>yt£ < ti>Wi £7 CM?titv^ 0 C <7) <£ ^ LtM? 
n/ci£t^|5*iliM3 0 (i, ^*«-^<7)^^-B#Oj!)n^<hJ!jPBEm:o-r, Xti, ^^OiiH 
KioT, Sn, Pb, A g> Bi, Cu, In, Z n ^Of&Sli.ar^Jl ^^^#tf 
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vk&&m 2 3frh &m*£m&M.ffl. l x p m * - ? •> * m@ 1 5 & ^ <t ^jtp^iji- 

[0 0 2 91 

J£S&l*it/i3 0(±. r/1 4 aOTlM^ffiiJM^M^M^ J: ^ «>&$ftT 
*5 »9 . 'J -y v 1 4 a <7>TIM MflOM £*£^£§3K 2 5 TIM £ Jgffi£*£.££!g& 2 6 £S#> & 

#W/fim^<&£o ftf&2 5X^2 6 ^£>^T, ^ 1 O^H^If M 1 7 ^ p 

H SWff ^t-j$ft£ i o tam% ttaho fafflMitm 3 0#\ C ft h (DmZiS. 

fr&ZtlZX *K £j«$2 5X^2 6 ^3sliZ>®L*?J±t)$:m*ULX.. % 1 O^li^lf M 1 7 
P # 'J^A mib^-^^3»# l 4 ^ fij itf £ £ <h ^ , p ffiij :* - 5 v ^ 1 5 if 

mi^izmmmmi 7^hmmin>ztim±-r^z\t^x^^ 0 &ot, tugt^io-c 

[0 0 3 0] 

HtffcHf.it* 3 0 {±, j»mi4^^J 2 3 7i)^(7)jg:i!l;^#Jl<7)jm^P*iti--5. C t&XZ h 

unx$>tii£^^m^.^n-r\ mmw. &m<r>^-rtLXi>m^*z>zttfx^z> 0 

iS. L> teifclfrltJS 3 0 pffi*-5 y ^tll 5«t-5 1".l> 
HT^oTli^^^> 0 f!lx.(i\ i£ifcl>filt/i 3 0 fCf±. Sn, Pb< Ag, Bi, Cu, 

mmx^ zti%^£ ^ izir& 'j£^7$ ? & & 0 1 i£tmitJs 3 o 7&*\ p fflms 1 5 1 kb 

HMm.^m^Xhn, fflx.li\ S i O2 . A1N, S i N, GaN, A 1 G a N, In 
GaN, Ptf^ffl^^:t^ilv\ 
[0 0 3 1 ] 

%frxi>, fcffl.M±m3 o£> s i o 2 ^<Dmm^ixfmirtn£\ faffl.w±m3 o tm 
%>tz^x\ fcfflMitm 3 o c: ttfxz z 0 Kt^Kit^ 3 o tmm%djiii¥ 

mfaXb l±, p fflU t-v;? «@ 15tp 110^ v Km® 1 9 t <D%^MWii)mtz 

<J^t!/*&£o (H 1 H^l-tfimi, ^±05^ JIT, 2£ifcKjJt* 3 0o?fMM«&pffliJ* 

- 5 ■> ?mm i 5 ct *) i>m< -rzz t k x o , P it-s * 1 5 <t p«^y kih 

1 9<7)^om^l!4^5l«LTv^ 0 
[0 0 3 2] 

Xt&Wlr&o 
[0 0 3 3] 

S3 (a) - (e) (±, ■fcmn^&z, v ^mmmmitm^mwi' -*f<r> vumt 1 ® 

[0 0 3 4 ] 

i-T. M3 (a) pMMfkt;#3»^OJiH^ h^^'J y v3&£ 

[0 0 3 5] 

113 (b) C^tJ:^:, -J 7-^1 4 aM^iv^t, pllftftfiffi 
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H^I^SU^:, »10«MlfililRl7Mt4 ( = 113 (b) 

d <h t L < , 19) x.te\ Z r O 2 , S i O 2 , A 1 2 O s , A 1 N , BN, DLC> C 
, M g O, S iN, S iON, C r O, ZnO, G a O, A 1 GaN, H f O, T a 2 O 

[0 0 3 6] 

<k^. 133 (c) plifttif^ 1 4 R&m 1 <^#ftilt««ilo«^ 

ffl£II^J:9t-pffiiJ*-5 7^IS l 5 ^IIU 'J 7 ->*3B 1 4 a OliMT* p iafi-ffcW 
1 4 1 pffiij^-- 5 y 1 5 5 y ?&M2-£Z>o 

[0 0 3 7] 

H3 (d) n^-rj^n, m2<Dmm^mmi 8 titmij±m3 0 ^mmm-r 

%>o Bpt>, pffifl*-5 y ^il 5 «t 0 fcjt£v>4G!Bt=$2ail6ttftmi 8 fc^JftU 'J 
v'JK^'KHm&^fcUWl 8 a£U y v£U 4 a OMJ&K 1 {®o*of$tt& 0 CIO KIP SB 
1 8 ali, pffi*-5 7?I|1 5t^< fctitSi^:, £ L < fiHP3& 1 8 a 
7& ? pffilJ*- 5 -y 1 5 Oflfll «fc -? CMt^o -n<b 2 oco|!PM 1 8 a 

m*ES*Lfc««l 8 b a*i£ffeR»itJ8l 3 0 fc4* 0 ft, - 2 O^lf ^ffiK 1 8 (£|£fi* 

i^itm3o) fi, nnm<ofm^n.^^x\y-^f^-y zrommixmo «t ? Kifrm-tz 

0 ^ 2 oiKit fiiffK 1 8 mmmvutm 3 0 ) 1:11, s i o 2 , zro, sic, t i o 

2, ZnO, Ah Os , D L C , C , M g O , S i ON, CrO, Z n O , GaO, A 

1 GaN, HfO, T a 2 Os , R h O, R h 0 2 , N b 2 Os , I TO^W, 
A 1 N, BN, SiN, R h N, Z r N, T i N, Z n N, GaN, Nb N^&ffiv** <1 
£ # i o 

[0 0 3 8] 

i3 (e) U7Kl"J:d^, i2 0§liilll 8 «fc <9 *>rt«tN p #J * - 5 y ? 
M 1 5 i *9 4 HffliJ K p 110^ y K«S 1 9 *l&tfLlr Z> 0 p ffiB^ ? KM 1 9 (±, %2 <D<& 

mmmmi siztziibtitzmaui 8 a ^upffl*-? ? ?mmi 5 t^ancii* 

i- & d «h 76 ? -e £ £ o 
[0 0 3 9] 

[HJfe^l 1 ] 
[0 0 4 0] 

[0 0 4 1 ] 

%M&tLxn. m^tf&mvmMmizumztiT^ZT'stj xm&tfmf hti& 0 ttz 

jkizm^zmittfo^mifct Itlt GaN, A l N, fLdilnNi^lftft^ 
^, Z\tih<D : &&X'&Z>lIl- VMm.it®*m>fc (InxAl y Gai-x- y N, 0 ^ 
x, 0^y, x + y^l) IWff^Sli, MOVPE, 

MOCVD (*«&JR'ffc3MMBj££i£) , HVPE (a^ KJMflJSftS;) , MBE 

*?> o 

[0 0 4 2] 

^^^##l^--9-'mT-fi, z*tizm.<hir\ *5kW<OimW&mz&\,*x , 
[0 0 4 3] 
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(*«) 

H^J 1 -Cf±, SMRfc LTC®^±Mi:1-^Hj-7 r -fTifflv^. 
[0 0 4 4 ] 

nS, ZnO, G a A s x Si, S i C RZ/mV®l¥->gfct &?-&<k1r zmiV&O&U^. 

[0 0 4 5] 

(/<y 77i) 

-tr y h L "fiS £5 0 0 °C I- L T h 'J ^^'J 7A (TMG) , T>*-T (NHs) * 
lv\ GaNi») tnhXv 771^ 2 0 0 A«lft"SS$*4„ 

[0 0 4 6] 

(T»«) 

^'7 7 7iMt, SS^rl 0 5 0tt:LT, TMG, 7>^~7£ffiv>, 7>K--7° 
G a N J: i) ^ ^Itt^lfti ^ 4 ^ m©If tig 0 .2<9Jf(±, 3m*it£}&j£ 

OG (Epitaxial ly Laterally Overgrowth) Jj£:R: $ -tt 
fcSffcBMMM£*fflv>* t|g B B H 1475m»^^g*W#<bn*o E LOGMIOMW 
Htti, Iti*±t:, Mfb«2»#/I£$;g£-ti-, ^^ilclfbfeff^II^ 

Lt«i$t/:^^, mn&m± k $ * fc^-r bt»^*#/f k ga £ 

i£ »t > <o 13 P ttfflWrt* <b $177 IrJ^o $ fir i&m £ fi it *> <r>mifimf h *i & « 

[0 0 4 7] 

( nffifln > * * hg) 

^n, (mm^-mw&m h:tmg, tma, 7>^~t, ^tm>if*t^ 

X^yyif^^m^K 1 0 5 0 "CCS i £ 1 X 1 0 1 8 / c m 3 K-7"$^:nlA 1 G 
a N J: 19 nffln > * ? h Jg £• 4 . 5 p m©llt*ifH^o n ffl 3 > * * h Jg fi, 
A 1 G a N n Ilftft^^i «t o TM L t < , Wiii'G aNt^oT^ 

[0 0 4 8] 

TMG, TMI (b'J^f^H>y'7A) , 7>*-7ifflv», £1^ 8 0 01; 
CLTIno. oeGao. 9 4 N «fc & £ * 7 y >? m±M £ 0 . 1 5 mOlftSI 
Z(D9 7 y ?m±m H4S*& "I 

[0 0 4 9] 

(nl7 7 7 Kg) 

1 0 5 On: LT, g^CTMA ( h 'l^f ;l^7^5 -7A) , TM 
GTlf/T >^e-7£ffiv^ 7>K-7*©A 1 GaN«t«94-6AJB*2 5 A^lftil? 
-it, Iv^TTMA £-it#>, ^ttW^i Uy7>^^ffl^ S i £5 X 1 0 1 8 / c 
m 3 K-^L^G aNi «9&&BJ1£2 5A«1TOI?^4„ ^Ltl^H^n 
■r*t 1 6 0 EliH&lJiILTAS£ BJf £3c£tCf*Ji U *g:§IJ¥8 0 0 0 A^^ii (jgte^f- 
i<9^^nlD^7y K)S £j£;ft£-i2:£o C<7>B#, T > K- 7A 1 G a NO A 1 <7>?1 
B B B ittLT(i, 0. 0 5 JSL_t 0 . 3 &T<r>mmX'$>tLl£ , * 9 y Kg t LTtlt 
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